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Abstract 
When the airfoil is working, the geometry of the channel that the fluid flows through changes with the airfoil profile. 
It makes the magnitude and direction of the velocity change, and resulting in flow separation. The impact produced 
by flow separation causes the loss of the flow’s energy. This paper takes the blade of G4-73No.8D centrifugal fan as 
the research object. The flow and aerodynamic characteristics of the blades under different incidence angles are 
analyzed and researched by means of CFD. The slotted technique on centrifugal fan blade with slots cut along the 
blades pressure side to suction side is adopted. And slotted blade models data are compared with generic models. 
The results show that the method to create a slot in blade can control the stall of centrifugal fan flow passage 
availably. And under the appropriate parameters, slotted model can decrease the blade surface resistance and 
increase lift force effectively. Slotted model also has a role of control and mitigation of boundary layer separation, 
improving blade aerodynamic performance observably. The slot plays a similar role as the balancing hole, and make 
the high pressure low speed fluid flow into low-pressure side where the fluid is accelerated and has no extra energy 
be consumed. The research shows that slotted technique on centrifugal fan blade is useful to improve the 
characteristics of blade surface flow field, resulting in significant energy saving. 
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1. Introduction 
As we all know, airfoil structure has been widely used in production and living conditions. On one hand, we need to 
get energy by flow through airfoil structure [1]. On the other hand, we hope to minimize the resistance of flow 
through airfoil structure, in order to save energy and make the airfoil structure has a stable work condition [2-3]. 
When the airfoil is working, the geometry of the channel that the fluid flows through changes with the airfoil profile. 
It makes the magnitude and direction of the velocity change, and resulting in flow separation. The impact produced 
by flow separation causes the loss of the flow’s energy. When the direction of the flow (the incidence angle) is 
larger than a certain value (the critical attack angle), the unsteady separation and static stall of the flow field will 
occur on the stable pressure face. The stall makes the lift drop sharply and the resistance increases. Through the 
years’ study, the researchers found that the laminar flow control technology can effectively reduce the resistance, 
solving the problem of stall [4-6].Therefore the research that slotted technique on aerofoil structure had significant 
energy saving meaning.  
In the beginning of 1920's, Bates presented the concept of slotted blade, making the boundary layer separation 
delay and lift greatly improved [3]. The stalling features of three wind turbines with slots were numerically 
investigated by Ke Yang [4]. The results show that wind turbine with slots have a smoother stalling characteristic 
compared with traditional ones. The method to create a slots in blade can control the stall of wind turbine availably. 
Kerrebrock found that steady blowing controlling is an effective method for large-scale surface separation 
controlling [7]. 
Centrifugal fan blade has large span of operation conditions, works in terrible working condition compared with 
other rotating machines. There is complex flow field on centrifugal fan blade surface, and as a result of system 
changes and other reasons, centrifugal fan often run at off-design conditions, mainly in the low mass volume. In low 
mass flow rate working conditions, negative incidence flows are found in the most flow passage. Therefore high 
demands are needed for stall control. This paper takes the blade of G4-73No.8D centrifugal fan as the research 
object. The objectives of this study are to compare the flow and aerodynamic characteristics with and without the 
slots, to investigate the stalling features of numerical models in different magnitudes and directions of the velocity 
with slots. 
2. Calculation model and numerical method 
2.1. Establishment of Airfoil Geometry model 
Fig. 1. (a) grid distribution of airfoil without slots ; (b) grid distribution of airfoil with slots. 
This paper takes the blade of G4-73No.8D centrifugal fan as the research object, and used a section along the 
flow in two-dimensional space as a simplified calculation model of the actual flow field. The  airfoil  is  placed  in  
the  middle  part  of  the  entire  computational  domain.  Airfoil chord length C=20 cm. 
As shown in Fig. 1ˈfor  the  special  shape  of  the  slot  structure  , this paper uses unstructured triangular  grids 
to fill  the computational domain  to  realistically  simulate  the  microscopic  flow  field  on  the airfoil surface. 
Additionally,  the  grids  near  the  surface  of  the  airfoil  and  the  region  with  slot structure are refined by using 
the size function. 
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2.2. The governing equations and boundary conditions 
This  paper  uses  the  Fluent  software  as  the  flow  field  solver.  In addition, Reynolds-averaged conservation 
Navier-Stokes equations are used in the calculations. Because the flow is in the turbulent state, the turbulence model 
used is the RNG k-ε two equations model, and the Near-wall Treatment uses the Enhanced Wall Treatment. The 
convective items of the momentum equation and the turbulence model equations use the “second order upwind” 
option to achieve discretization. Based on the SIMPLEC algorithm, the separated iterative solutions of the speed and 
pressure are implemented. The convergence condition is set to the residual levels down to 10-5. 
3. Analysis of the flow field characteristics of airfoil with slot 
Considering the features that the direction of the flow is negative incidence angle at normal operation condition 
of G4-73No.8D centrifugal fan, the flow field characteristics of the airfoil at large negative incidence with various 
flow velocities is studied. As shown in Fig. 2, at large negative incidence working condition, a low-speed micro-
mission is found at the airfoil leading edge of pressure side. And pressure side has high pressures. Therefore 
determine the slotted scheme is that, the slot location of the leading edge is at the 2% of geometric chord of airfoil. 
And the inlet of the flow is at the pressure side. The slot location of the trailing edge is at the 70% of geometric 
chord. The outlet of the flow is at the suction side. The width of slot is 1mm. 
Fig. 2. (a) contours of velocity distribution ; (b) contours of static pressure distribution.  
Fig. 3. streamlines pattern of the flow field around airfoil  
Fig. 4. (a) contours of velocity distribution ; (b) contours of static pressure distribution  
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Fig.3 shows the streamline near the airfoil with and without slot. And Fig.4 shows the contours of velocity and 
static pressure distribution. At the two figures, the incidence angle is -18°, inlet-air velocity is 40m/s. Slotted model 
has a role of control and mitigation of boundary layer separation, improving airfoil aerodynamic performance 
observably. At design and low flow rate, the separation and vortex current regions are reduced obviously and airfoil 
surface flow field become more uniform, the greater the incidence angle, the higher reduction effect of flow 
separation region.  High pressure fluid flow through the slot from the pressure side to suction side. Not only 
continuity of flow field is destroyed by the high pressure fluid flows out of the suction side, and boundary layer 
development is limited, but also have the rapid vortex shelling by the ablution effect of the fluid from slot in the 
suction side. Thus the amount of stagnant fluid the vortex current regions are reduced. The slot plays a similar role 
as the balancing hole, and make the high pressure low speed fluid flow into low-pressure side, the fluid is 
accelerated and has no extra energy be consumed.  
4. Conclusion 
Through numerical simulation research and detailed comparative analysis, we studied the flow and aerodynamic 
characteristics of the blades of G4-73No.8D centrifugal fan under different incidence angles by means of CFD. The 
slotted technique on centrifugal fan blade with slots cut along the blades pressure side to suction side is adopted. 
Slotted blade has a role of control and mitigation of boundary layer separation, improving blade aerodynamic 
performance observably. The slot plays a similar role as the balancing hole, and make the high pressure low speed 
fluid flow into low-pressure side where fluid is accelerated and has no extra energy be consumed. 
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